Control of bacterial contamination during poultry slaughter can be compromised by natural disaster. In October 2005, disaster recovery was evaluated in 11 broiler slaughter establishments 1 month after operations were disrupted by Hurricane Katrina. A questionnaire was administered to characterize the establishment's operational disruption. Carcass rinses were collected at the early and late stage of the slaughter process (rehang and postchill). Counts for generic Escherichia coli were determined for all rinses. Salmonella culture and serotyping were performed on postchill samples. Historical U.S. Food Safety and Inspection Service data on the presence of Salmonella also were examined. The mean duration of disruption was 6.3 days (range,3 to 9 days). Loss of utilities (electricity and water) was the cause of prolonged recoveries. Most establishments (64%) did not exceed the m performance criteria threshold for generic E. coli (>2 log or 100 CFU/ml) during the recovery period. The mean reduction in E. coli counts between rehang and postchill was 2.3 log or 200 CFU/ml (range, 0.9 to 3.1 log CFU/ ml). Rinse samples from 5 of 11 establishments were positive for Salmonella. Of 12 Salmonella isolates that were recovered, eight were Salmonella Kentucky. Salmonella Heidelberg and Salmonella Thompson were recovered from one establishment, and two isolates of Salmonella Typhimurium were isolated from another. This study provided empirical reassurance that the establishments' processes controlled bacterial contamination. Data on reductions in E. coli counts during poultry slaughter may help establishments control microbial contamination. Other data (e.g., Salmonella and Campylobacter enumeration) may also have merit for this purpose.
Effective controls for slaughter of broiler chickens are dependant on infrastructure, including roads, utilities, birds, materials, and employees. Natural disasters can adversely affect control of bacterial contamination of carcasses because of increased incidence of poultry pathology, bird age and weight, structural damage in the vertically integrated industry, and worker availability. Stress in the production environment can predispose birds to shed Salmonella (8, 10) or succumb to pathogenic E. coli infection (7) .
Reduction of indicator organisms on broiler carcasses during processing may provide insight into the ability of processes to control microbial contamination (9) . Generally, Salmonella prevalence, Campylobacter counts, and counts of generic E coli decline during processing (4) . In a study in which Salmonella was enumerated, reductions in both E. coli and Salmonella counts were found during chilling (3) .
The enumeration of indicator organisms is also used in beef establishments to monitor microbial control during processing and reduce pathogens such as E coli 0157:H7 (2) .
In this report, findings from 11 broiler slaughter operations affected by Hurricane Katrina are presented. The objective of the study was to evaluate reductions in counts of generic E. coli during processing and to determine the prevalence of Salmonella on finished product in poultry Sampling. In each establishment, 10 samples of broiler carcass rinses were collected: five at rehang (postpick) and fi ve at postchil!. The samples collected at postchill were taken from carcasses in the same production lot as those tested at rehang. Each carcass was placed in a sterile plastic bag, 100 ml of buffered peptone water was added, and the carcass was shaken in the rinse for 1 min. The carcass was then removed from the bag, and the rinse was collected, refrigerated, packaged, and shipped to the FSIS Eastern Laboratory (Athens, Ga.) on freezer packs by overnight courier. All samples arrived at the laboratory at temperatures of 1 to 7°C. A portion of the rinse (approximately 40 ml) was provided to the quality control official in each establishment. Six of the 11 establishments routinely collected samples at both the rehang and postchill locations as part of their protocol for E. coli enumeration and Salmonella testing for quality assurance. By regulation, all poultry slaughter establishments 'are required to take a Numbers in parentheses are the establishments where these means were recorded.
an E. coli sample postchill and enumerate the results to demonstrate that they are maintaining process controls sufficient to prevent fecal contamination.
Microbiology methods. Upon arrival at the laboratory, FSIS personnel cultured the rinses for Salmonella, and the personnel in the Agricultural Research Service (ARS) Bacterial Epidemiology and Antimicrobial Resistance Laboratory performed E. coli enumeration. E. coli counts were obtained for both rehang and postchill rinses. Tests for Salmonella were performed on postchill rinses only. Salmonella results were compared with historical FSIS Salmonella data from the 11 establishments.
The BAX system PCR assay (DuPont Qualicon; Wilmington, Del.) was used to screen rinse samples for Salmonella. Samples that tested negative with the BAX were reported as negative. Cultures were utilized for those samples that tested positive or indeterminate for Salmonella or if a BAX signal error occurred. Salmonella culture was performed using standard FSIS methods (11) . Somatic antigen characterization was performed at the FSIS Eastern Laboratory and repeated at the USDA National Veterinary Services Laboratory (Ames, Iowa), where flagellar antigen characterization was also performed (6) .
Generic E. coli was enumerated by inoculating 1 ml of 0.85% sterile saline serial dilutions bracketing the quantitative range on E. coli Petrifilms (3M Corporation, St. Paul, Minn.). Duplicate plates were inoculated for each dilution. Petrifilm plates were incubated at 35°C for 24 h, colonies were counted, and the data were log transformed.
RESULTS
Survey findings. The mean duration of disruption of operations was 6.3 days (range, 3 to 9 days). Among the four establishments with the most prolonged disruption, delayed recovery was due to loss of basic utilities. Three of these establishments were under a municipal boil-water alert for more than 1 week, and one establishment that used well water had to wait for certification that the water was potable. Four establishments, including three of the establishments closer to hurricane landfall, reported minor structural damage to the live haul shed due to high winds. Two establishments sustained additional roof damage, and two sustained damage to the offal room.
The FSIS E. coli performance criterion allows no more than three results greater than m (where m is 100 CFU of generic E. coli per rnl of rinse) per 13-test window and no single result greater than M (where M is 1,000 CFU/rnl). The frequency of testing is based on production volume. There were four establishments that exceeded the m or M thresholds for E. coli at least once in the month after resuming operations (establishments 4, 6, 9, and 11). Establishment 6 exceeded m five times in the first week after return to operation. Establishment 4 exceeded both the m and M performance standards. Establishments 9 and 11 also exceeded m; each of which did so once within the first 2 weeks after return to operation. This is an acceptable variation under the E. coli performance criteria.
FSIS inspectors-in-charge at three establishments reported a transient failure to meet the zero-tolerance rule for fecal contamination of carcasses at postevisceration in the days after operations resumed, presumably because birds were larger than normal size for these establishments. Review of records from these three establishments revealed that none had exceeded the E. coli performance criterion since Hurricane Katrina's landfall. Five establishments reported an increase in pathology due to infectious process (establishments 2, 3, 4, 5, and 8). Among these establishments, only establishment 5 failed to meet the zero-tolerance rule for fecal contamination.
Enumeration of generic E. coli. The overall mean counts at rehang and postchill were 2.8 and 0.5 log CFU/ ml, respectively (2.3-10g mean reduction) ( Table 1) . Within establishments, the mean reduction ranged from 3.1 to 0.9 log CFU/ml. The establishment that achieved the greatest reduction in E. coli was establishment 7, from 3.1 to 0 log CPU/ml (Fig. 1) . The quality control staff in this establishment placed particular emphasis on maintaining acidic pH and free chlorine balance in the chill tank.
Establishment 6 had the least reduction in E. coli (0.9 log CFU/rnl) and was the only establishment with less than Post-Hurricane Katrina Salmonella testing. Of the rinse samples collected at postchill, those from five establishments tested positive for Salmonella. There were multiple positive samples from establishments 3, 6, and 9 (Table 2). Two of four isolates from establishment 3 were Salmonella Typhimurium and the others were Salmonella Kentucky. Two rinse samples from establishment 6 contained Salmonella Heidelberg and Salmonella Thompson, respectively. All four isolates from establishment 9 were Salmonella Kentucky. Salmonella serotypes Heidelberg, Thompson, and Typhimurium, which each cause more cases of human salmonellosis than Salmonella Kentucky, were rarely seen in previous FSIS verification tests from establishments 3 and 6.
Historical Salmonella data. The 11 establishments had a median of eight hazard analysis critical control point (HACCP) sample sets since 1998 (range, 7 to 10) Three establishments had exceeded the Salmonella performance standard (> 12 of 51 tests positive for Salmonella). Establishment 3 exceeded the standard in 1998, 2003, and 2004, establishment 6 exceeded the Salmonella performance standard twice in 1998, and establishment 11 exceeded the standard in March 2005 before Hurricane Katrina (Table 3) . After the storm, FSIS Salmonella verification sets were scheduled in all 11 establishments. None of the 11 establishments exceeded the standard.
DISCUSSION
One month after disruption of operations by Hurricane Katrina, the 11 affected establishments showed compelling signs of recovery. They were reducing counts for nonspecific E. coli and controlling Salmonella on finished readyto-cook carcasses. We evaluated reductions in E. coli counts across establishments. This comparison identified establishment 6 as an outlier in terms of performance, with less than I-log reduction in counts between rehang and postchill and mean counts of 1.4 log CFU/rnl at postchill. This establishment and establishments 3 and 9 had multiple Salmonellapositive carcasses. The overall data were reassuring, and FSIS chose not to immediately convey any concerns to individual establishments. Nonetheless, such data could facilitate measured adjustments to optimize disaster recovery following resumption of operations. Although the present study is based on limited sampling in broiler slaughter operations, enumeration of E. coli provided insight into control of bacterial contamination. More studies are recommended to assess seasonal trends, regional variation in E. coli counts, and correlations with reduction in pathogens (9) .
The predominant Salmonella serotype isolated from rinses in this study was the poultry-associated serotype Salmonella Kentucky; however, serotypes that tend to cause more human salmonellosis (Salmonella Heidelberg, Salmonella Thompson, and Salmonella Typhimurium) (1, 5) were isolated in two establishments.
Although establishments 3 and 9 reduced E. coli counts by nearly 2 log CFU/rnl in samples collected after Hurricane Katrina, a high proportion of postchill rinses tested positive for Salmonella. A study is recommended to compare reductions in generic E. coli, Campylobacter, and Salmonella counts in broilers in two types of establishments: (i) those that consistently reduce generic E. coli counts to near 0 CFU/rnl at postchill and (ii) those with marginal reductions in E. coli counts. We postulate that greater reductions in Salmonella prevalence will occur in establishments with good control of generic E. coli than in establishments with marginal control of these indicator organisms. In addition to marginal reductions in E. coli counts during slaughter, other factors in establishments that have sustained a natural disaster could be more fully evaluated with additional microbiological testing (e.g., enumeration of pathogenic bacteria). Some of these factors might include prolonged disruption of operations, elevated prevalence of Salmonella or Campylobacter, loss of potable water, or increased incidence of infectious process or fecal contamination.
Several aspects of the recovery experiences of these establishments are noteworthy. Although transportation was most impeded in the initial days of recovery, loss of potable water was the major cause of prolonged disruption of operations. Live haul sheds were particularly vulnerable to wind damage. Increases in counts of generic E. coli and in poultry pathology were generally seen in the initial days after the resumption of operations, suggesting that management and inspectors may want to monitor processes particularly closely in the initial stage of recovery.
Caution is recommended in interpreting these findings because they are based on small numbers of observations in a single region and one season; however, most of the establishments used counts of generic E. coli and culture for Salmonella for quality control. Further study is recommended to evaluate the utility of these E. coli counts as a measure of the effect of processes used to control bacterial contamination in poultry slaughter establishments (9) .
This study provided reassurance that as a group poultry processing establishments affected by Hurricane Katrina were controlling microbial contamination following resumption of operations. Some establishments would have benefitted from having data such as that collected in this study to facilitate recovery.
